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(57) Abstract: A conveyor (22) moves woricpieces (WP) past a scanning station (40) to ascertain one or more physical parameters 
of the workpiecc (WP) and to a portioning station (24) wherein the workpiece (WP) is portioned into desired smaller portions. 
Thereafter, the conveyor (22) cairies a portioned workpiece (WP) to an unloading station (26) where one or more pickup devices 
(28) removes specific portioned woricpieces (PP) fiora the conveyor and places the portioned workpieces onto take away conveyors 
(30) for odier locations remote from the first conveyor. A control system, composed in part of a computer (42). keeps track of the 
locations of the workpieces (WP) on the conveyor (22) and also optionally on the take away conveyor (30) so that portioned pieces 
(PP) are place at specific desired locations remote from the conveyor (22) by the pickup devices (28). 
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APP ARATUS AND METHOD FOR PORTIONING AND AUTOMATICALLY 
OFF-LOADING PORTIONED WORKPIECES 

Field of flie Invention 
The present invention relates generally to an apparatus for portioning and/or 

5 trimming workpieces, and more particularly to an apparatus for portioning or 
trimming worlq)ieces by shape, weight, or other physical parameter and then 
automatically oflf-loading the portioned workpieces. 

Background of ttie Invention 
Workpieces, including food products, are cut or otherwise portioned into 

10 smaller portions by processors in accordance with customer needs. Also, excess fet, 
bone, and otiier foreign or undesired materials are routinely trimmed from food 
products. It is usually highly desirable to portion and/or trim the workpieces into 
uniform sizes, for example, for steaks to be served at restaurants or chicken fillets 
used in frozen dinners or in chicken burgers. Much of the portioning/trimming of 

15 worlqjieces, in particular food products, is now carried out witii the use of high-speed 
portioning madiines. These machines use various scanning techniques to ascertain 
tiie size and shape of the food product as it is being advanced on a movmg conveyor. 
This information is analyzed with tiie aid of a computer to determine how to most 
efficientiy portion the food product into optimum sizes. For example, a customer 

20 may desire chicken breast portions in two different weight sizes, but with no fat or 
with a limited amount of acceptable fat The chicken breast is scanned as it moves 
on a conveyor belt and a determination is made tiirough die use of a computer as to 
how best to portion tiie chicken breast to the weights desired by tiie customer, so as 
to use the chicken breast most effectively. 
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Portioning and/or trimming of the workpiece can be carried out by various 
cutting devices, including high-speed water jet cutters or rotary or reciprocating 
blades, as the food product continues to travel on the conveyor. Once the 
portioning/trimming has occurred, ibs resulting portions are off-loaded from the 

5 conveyor by hand to be placed on a second take-away conveyor for further 
processing or, perhaps, to be placed in a storage bin. The manual o£F-loading of 
portioned pieces is often unsatisfectoiy because it is difficult for the worker to 
visually distinguish between portions that might vary by only a few ounces. As a 
result, the portioned piece may be placed onto the wrong conveyor or into the wrong 

10 storage bin. Abo, tiie portioning of food products, especially fish, poultry or meat, 
typically occurs at relatively low temyperatures, in tiie range of 40 degrees. 
Performing the same repetitive off-loading tasks in this cold environment can lead to 
physical ailments as well as creating an undesirable woric enviromnent As such, 
relatively high worker turnover is not uncommon. 

15 The present invention is directed at automatically portioning woriqrieces, 

including food products, and then automaticaUy off-loading the portioned woikpieces 
for further processing, for storage, etc. In addition, tiie present invention is capable 
of recognizing which particular portioned piece is being off-loaded so tiiat portioned 
pieces of like weight, shape, or otiier physical parameter are routed to tiie proper off- 

20 loading conveyor, storage bin, etc. 

^iimTTiarv of the Invention 
The present invention includes a system for automaticaUy portioning and/or 
Hinmiing workpieces to desired reduced sizes and tiien automatically removing tiie 
portioned workpieces for routing to otiier locations based on tiie size, wdgiht, or otiier 

25 physical parameter of tiie portioned workpiece. The system includes a first conveyor 
having a moving support service adapted to support and advance a workpiece to be 
portioned. The workpiece is cut/trimmed into one or more desired reduced size 
portions at a cutting station. Thereafter, a pickup device picks up tiie worlq)iece from 
tiie first conveyor to carry tiie portioned workpiece to locations removed from tiie 

30 first conveyor. A control subsystem tracks tiie locations on tiie moving siqiport 
surfece of the workpiece portions before and after portioning and directs tiie pickup 
device to pick i^ a desired workpiece portion and carry such desired workpiece 
portion to a specific remote location based on a physical parameter or otiier attiibute 
of tiie portioned workpiece. In tiiis manner, like portioned workpieces are removed 

35 to the same location remote fi?om the first conveyor. 
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In a further aspect of the present invention, the pickup device mcludes an 
attachment end portion that is attachable to the portioned workpiece. In addition, the 
pickup devices are supported for movement relative to the first conveyor to carry the 
portioned woikpieces away from the first conveyor to a location remote ftom the first 
5 conveyor. 

In a further aspect of the present invention, the attachment end portion of the 
pickup device adheres to the portioned worlqpiece by suction. 

In another aspect of the present invention, the attachment end portion of the 
pickup device includes a suction tip or head, and a suction source is connected to the 
10 suction tip to cause the suction tip to adhere to the workpiece. 

In an additional aspect of the present invention, the suction source is 
produced by a venturi in air flow communication with the suction tip. Pressurized air 
is suppUed to the venturi, causing the venturi to generate a reduced pressure air 
source. 

15 In a further aspect of the present invention, the suction tip is downwardly 

extendible for attachment to a woricpiece and then upwardly retractable to lift the 
workpiece off of the conveyor and cany the woriqpiece to a location remote fi»m the 
conveyor. 

In another aspect of the present invention, the pickiq> device is mounted on 
20 the carriage for stjiporting and guiding die pickup device for movement relative to 
the conveyor. 

In a further aspect, the present invention includes an impingement or 
restraining device which is located relative to the pickup device for restraimng the 
upvmrd movement of sections of the workpiece that do not comprise the portioned 
25 workpiece to be picked v?» by tiiepicki?) device. 

In another aspect of the present invention, the weight, size, or other desired 
physical parameter(s) of the portioned workpiece is ascertained or measured 
downstream of the pickup device, and based on such information, the portioning 
subsystem may be recaUbrated so as to produce portions of the desired size or other 

30 physical parameter. 

In accordance with an additional aspect of 4e present invention, the 
portioningAmnming of the worlqrieces is carried out utilizing high speed water jets 
as cutters. 
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Brief Descrii> tion nf the Drawings 
The foregoing aspects and many of the attendant advantages of this invention 
wiU become more readUy appreciated as the same become better understood by 
reference to the foUowing detaUed description, when taken in conjunction with the 
5 accompanying drawings, wherein: 

FIGURE 1 is a side elevational view of a portioning machine utilized in the 

present invention; 

FIGXJRE2A is a schematic plan view of Ihe manner in which portioned 
workpieces are off loaded fiom the portiomng machine based on physical 
10 characteristics of the portioned workpiece; 

nGXJRE2B is a block diagram of the overall process of the present 

invention; 

FIGURE 3A is a perspective view of the off loader station of the present 
invention; 

15 FIGURE 3B is an elevational view of FIGURE 3A; 

FIGURE 3C is an Old elevational view of FIGURE 3A; 
nGURE 3D is an enlarged, fragmentary end view similar to FIGURE 3C, 
specifically iUustrating the support structure and drive system for carriages used to 
move pickup devices of the present mvention; 
20 FIGURE 3E is an isometric view of FIGURE 3D; 

FIGURE 3F is an enlarged, fragmentary view of a portion of FIGURE 3D, 
specifically illustrating the carriage support structure; 
FIGURE 3Q is a plan view of FIGURE 3F; 

FIGURE 4A is an isometric view of a pickup device of the present invention; 
25 FIGURE 4B is a side devational view of nGURE4A taken along 

lines 4B-4B; 

nGURE 4C is a front elevational view of FIGURE 4A taken along 
lines 4C-4C of nOURE 4B; 

nGURE 4D is an enlarged isometric view of a skirt utilized 'm conjunction 

30 with the pickup device of FIGURES 4A-4C; 

nGURE 4E is an enlarged elevational view of the hold-down device shown 
in HGURES 3B and.3C to hold the workpiece in place while a portion thereof is 
being removed using the picki?) device of the present invention; 

nGURE 4F is a fragmentary isometric view showing the pickup device, the 
3 5 skurt and hold-down devices; 
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FIGURE 5 is an elevational view of an alternative pidoip device; 
FIGURE 6 A is an elevational view of a fiirther prcfened hold down device of 

the presrait invention; 

FIGURE 6B is a cross-sectional view of a portion of 6A taken along 

lines 6B-6B thereof; 

FIGURES 6C and 6D are alternative ooss-sectional views corresponding to 

FIGURE 6B; 

FIGURE 6E is another prefened embodiment of a pickup device according to 

the present invention; 

FIGURE? is a further prefisired embodiment of a pickup device in 

accordance witii the present invention; and 

FIGURE 8 is a schematic view of a high speed water jet nozzle and a carriage 
therefor used in the portioning station shown in FIGURE 1. 

nfttailed Dest^riptinn of the Preferred Embodiment 
15 Referring initially to HGURES 1, 2A. and 2B in general terms, the present 

invention includes a portioning apparatus20 having a moving conveyor22 for 
siq»porting workpieces WP to be portioned at a portioning station 24 and to carry the 
portioned pieces PP to an unloading station 26. A plurality of pickup devices 28 pick 
up tiie portioned pieces PP off tiie conveyor 22 at tiie unloading station 26 and place 
20 tiie portioned pieces onto removal or take-away conveyors 30 moving outwardly 
alongside tiie conveyor 22. TTie removal conveyors 30 deposit tiie portioned 
pieces PP onto sorting conveyors 32 from which tiie portioned pieces are placed mto 
specific receiving bins or hoppers 34A, 34B. 34C, 34D, 34E. 34F. 34G, and 34H at a 
sorting station36. A weighing station38 may be mcorporated into sortmg 
25 conveyor 32 to verify tiie weight oftiie portioned piece PP. This mformation can be 
utilized by tiie sortmg station 36 so tiiat tiie correct portion piece is removed to tiie 
correct sorting/receiving bin 34. This information may also be utilized by tiie 
portioning apparatus 20 to make adjustments so tiiat tiie portioned pieces are of tiie 
desired size. 

Also in accordance witii tiie present uwention, tiie portioning ^paratus 
retains or keeps track of tiie location of each workpiece WP on tiie conveyor 22, and 
tiie subsecpient locations of tiie portioned pieces PP on tiie conveyor 22 downstream 
oftiie portioning station 24 as weU as tiie locations oftiie portioned pieces on tiie 
removal conveyors 30. Witii tins information, tiie proper portioned pieces can be 
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automaticaUy placed in the deshed receiving bins 34 at the sorting station 36, without 

human intervention. 

Next, describing the present invention in more detail, portioning machines 
similar to apparatus 20 are knovm in the art, with the exception of the unloading 
station 26, which is novel to the present invention. Such portioning machines, or 
portions thereof; are disclosed in prior patents, for example, U.S. Patent 
Nos. 4,962,568 and 5,868,056. which are incorporated by reference herein. As 
typical, the portioning machine includes a conveyor 22 spanning the entire length of 
the apparatus 20, with the conveyor having a moving belt 60 that sUdes over a 
support bed 62 constructed in a standard manner. The conveyor belt 60 is driven at a 
selected speed by a drive motor (not shown) in a standard manner. The drive motor 
can be composed of a variable speed motor to thus adjust the speed of the belt 60. 
TTie woricpieces WP are carried on the conveyor beh 60 to be operated on by the 
portioning apparatus 20 and then transported to the sorting station 36. 
15 Hie workpiecesWP are first carried by the conveyor22 to a scanning 

station 40 whereat the workpieces are scamied to ascertain selected physical 
parameters, for example, their size and shape, and then determine their weight, 
typically by utilizing an assumed density for the workpieces. In addition, it is 
possible to locate discontinuities Cmcluding voids), foreign material, and undesirable 
20 material in the woikpiece, for example, bones or fet in a meat portion. 

TTie scanning can be carried out utilizing a variety of techniques, including a 
video camera to view a workpiece illuminated by one or more Ught sources. Light 
from the Ught source is extended across the moving conveyor belt 60 to define a 
sharp shadow or Ught stripe Une. with the area forwaidly of the transverse beam 
25 being dark. When no woriq)iece is being carried by the conveyor, the shadow 
lineAight stripe forms a straight Une across the conveyor belt However, when a 
workpiece passes across the shadow Une/Ught stripe, the upper, irregular surface of 
the workpiece produces an irregular shadow UneAight stripe as viewed by a video 
camera directed downwardly on the workpiece and the shadow lineAight stripe. TTie 
video camera detects the displacement of the shadow UneAight stripe from the 
position it would occupy if no woriqpiece were present on the conveyor belt This 
displacement represents the thi«*ness of the woriqnece along 4e shadow UneAight 
stripe nie length of the woriqnece is detemiined by the length of time that shadow 
Unes are created by the workpiece. m this regard, an encoder is integrated into the 
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conveyor22, with the encoder gearaating pulses at fixed time intervals 
corresponding to the forward movement of the conveyor. 

In lieu of a video camera, the scanning station 40 may instead utilize an x-ray 
apparatus for determining the physical characteristics of the woriq)iece, including its 

5 shape, mass and weight X-rays may be passed through the object in the direction of 
an x-ray detector. Such x-rays are attenuated by the workpiece in proportion to tiie 
mass thereof. The x-ray detector is cq>able of measuring the intensity the x-rays 
received thereby after passing through the workpiece. This mformation is utilized to 
determine the overall shape and size of the vroApiece, as well as the mass fliereof. 

10 An example of such an x-ray scanning device is disclosed by U.S. Patent 
No. 5,585,603, incorporated by reference herein. 

The data information measured/gathered by the scanning devices is 
transmitted to a computer 42, preferably on board the portioning apparatus 20, which 
records the location of the workpiece on Ae convqror as well as fbe sh^e and oflier 

15 parameters of the workpiece. With this information, the computer determines how to 
optunally cut or portion the workpiece at the portioniiig station 24, the portioning 
may be carried out by various types of cutting^portioning devices including high- 
pressure water jets as disclosed in U.S. Patent Nos. 4,875,254, 5,365,186 
and 5,868,056. Other types of cuttmg devices may be utilized, including band saws, 

20 reciprocating saws, circular saws. guiUotine knives, and lasers. Workpieces can be 
portion in accordance witii desired portion sizes, maximum M content or thickness 

and other parameters. 

FIGURES illustrates one particular portioning q>paratus66 located at 
station 24 that may be utilized in conjunction with tiie present invention. Theportion 

25 ^aratus66 m basic form includes a support structure 68 extendmg across the 
conveyor 22 for supporting and guiding a carriage 70 for movement transversely to 
tiie direction of movement of the conveyor. The carriage 70 is powered by a drive 
system 72 including in part, a motive system 74 and a drive tram 76. A second, 
longitudinal support structure 78 is cantilevered outwardly fiom carriage 70 in a 

30 direction generally aligned wilh a dkection of movement of 4e conveyor 22. A 
second longitudinal carriage 80 is adapted to move along longitudinal support 
structure 78 by tiie drive system 72. In tiiis regard, a second motive system 82 
powers tiie longitudmal carriage 80 tiirough tiie drive tram 76. A high-speed water 
jet nozzle 84 is mounted on ti»e longitudmal carriage 80 to move tiierewitii as tiie 
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nozzle operates on (cuts) the underlying workpieceWP being carried by the 
conveyor 22. 

As shown in FIGURE 8, the transverse siqjport structure 68 includes a beam 
structure 86 that extends transversely across the conveyor 22 at an elevation spaced 

5 above belt 60. The ends of the beam 44 siq)ported by brackets 88 and 90 extending 
upwardly from the conveyor's support structure 62. The support structure 60 also 
includes a Irack for guiding tibe carriage 70 along beam structure 86, composed of an 
\sppet rail 92 and a lower rail 94 attadied to fece of beam structure 86 feeing the 
carriage. The carriage 70 includes a generally rectangularly shaped bed portion 96 

10 with rollers 98 attached to the comers of the bed pordon. 

The carriage 70 is powered to move back and forth along beam structure 86 
by motive system 74. In this regard, a timing beU 100 extends around a drive 
pulley 102 located at the upper end of motive system 74, and also around an idler 
pulley 104 of an idler assembly 106 mounted on the upper end of bracket 88. The 

15 belt 100 makes a loop around beam structure 86, extending closely along the side 
walls of the beam, with the ends of the beh connected to the back side of carriage 
bed 96. 

TTie motive system 74 mcludes ibs servo motor 108 controllable by 
computer 42 to move the carriage 70 back and forth along beam structure 86 as 

20 desired. A drive shaft 1 10 extends up from the servo motor 108 to power the drive 
puUey 102. As further shown in HGURE 8, die longitudmal support structure 78 
cantilevers transversely from carriage 70 to be carried by the carriage. The siQ)port 
structure 78 includes a beam member 1 12 that tapers m the dhection of its distal end. 
An elongate track 114 extends along the side of the beam member 112 for guidmg 

25 the longitudinal carriage 80. The carriage 80 hichides a substantially planar, 
rectangularly shaped bed portion 1 16 and roUers 118 at each of its comers adapted to 
ride along the upper and lower edges of track 1 14. 

Carriage 80 is moved back and forth along track 114 by drive system 72. In 
this regard, die drive system includes a second motive system 82, constructed 

30 similarly to motive system 74, to power a tunmg belt 120 which is trained around a 
drive puUey 122 mounted on the upper end of motive system 82 and also trained 
around an idler pulley 124, which is located below idler pulley 104. The belt 120 
also trams around idler pulleys 126 and 128 mounted on carriage 70. A further idler 
puUey 130 is mounted on the distal end of beam 112. The ends of the beh 120 are 

35 attached to the bed 1 16 of carriage 80 so that rotation of the drive puUey 122 results 
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in movement of the belt 120 in turn causes transverse carriage SO to move 
along track 114. As with motive system 74, ideally, motive system 82 includes a 
servo motor 132, which is drivingly engaged with drive puUey 122 by a drive 
shaft 133. 

5 A cutting tool in the form of a high-pressme liquid no2zle assembly 84 is 

mounted on the longitudinal carriage 80 to move therewith. The nozzle assembly 
includes a body portion 134 that is secured to flie carriage bed 116. The nozzle 
assembly 84 also includes a lower outlet tip 136 directed downwardly towards 
convqror belt 60. An entrance elbow 138 is attached to the vppet end of tihie nozzle 

10 body 134. ffigh-pressure liquid nozzles of tiie ^ of nozzle assembly 84 are articles 
of commerce. Higji-pressure water is supplied to nozzle assembly 84 by supply 
lines, not shown, in a maimer well-known in the art. 

In operation, as workpieces WP are carried along conveyor 22, the nozzle 
assembly 84 is moved along selected paths of travel by carriages 70 and 80 powwed 

15 by drive system 72. Carriage 70 moves the nozzle 84 transversely, and carriage 80 
moves tiie nozzle longitudinally relative to the direction of travel of tiie conveyor 22. 
This enables the nozzle to travel quickly alon« complicated routes vMch are 
programmed into tiie operation of tiie servo motors of the motive systems 74 and 82 
by compute: 42. 

20 As most clearly illustrated in HGURES 3A, 3B, 3C, 3D, and 3E, ofiF load 

station 26 includes a plurality of pickup devices 28 for removing selective portioned 
workpieces PP from conveyor 22 and depositing such portioned worlqrieces onto 
take-away conveyors 30. The off load station 26 includes an overhead framed 
structure 150 tijat spans between the adjacent aid of tiie portioning station 

25 cabinet 152 and a frame end structure 154, which also supports tiie adjacMit end of 
tiie conveyor 22. The overhead frame includes a plurality of side-by-side 
cabinets 156, each housing a drive system 158 for associated pickup devices 28 
positioned below tiie cabinets. Preferably, each of tiie cabinets is generaUy 
rectangular in shape and has a front access door 160. Three ade-by-side 

30 cabinets 156 are illustrated, witii tiie cabinets attadied to each otiier to create a ripd, 
unitary beam structure. TTie drive system 158 indudes, among other componaats, a 
servo motor 162 schematically shown in FIGURE 3D as positioned above a servo 
motor cooling fen 164, ^ch ui tum is positioned on a mounting platform 166 
^aced above cabinet floor 168 by a plurality of support legs 170. A coupling 172 is 

35 attached to tiie output shaft (not shown) of tiie servo motor and also atta«died to tiie 



wo 02/07937 




PCT/USOl/20451 



-10- 



upper end of a drive shaft 174 that extends through an opening formed m cabmet 
floor 168. As most clearly shown in FIGURE 3E, a drive pulley 176 is coupled to 
the lower end of the drive shaft 174. 

The pickup devices 28 are carried by carriages 180 that ride along frame 

5 assemblies 182 that in turn are attached to the underside of cabinets 156 by a 
mounting bar 186 attached to and extending along the underside of the cabinet 
floor 168 in a direction generally traiosversely to the direction of travel of 
conveyor 22. The mounting bar 186 projects from a generally rectangularly shaped 
mounting flange 188, also attached to the underside of the cabinet floor 168. A drive 

10 shaft hub 190 projects downwardly from a clearance hole formed in the mounting 
flange 188 for receiving the drive shaft 174 therethrough. Preferably, roller or other 
types of bearings are positioned within the upper and lower end portions of the 
hub 190 for positioning and supporting the drive shaft 174. 

The carriage frame assemblies 182 each include a longitudinal beam 192 

15 attached to the underside of an edge flange 194 projecting upwardly fcom the beam 
along a portion fliereof that is positioned below a corresponding cabinet 156. 
Longitudinal slots 196 are formed in the edge flange 194 through which extend 
hardware members, for instance, bolts that engage within threaded cross-holes 
extending through mounting bar 186. In this manner, the frame assembly 182 may 

20 be longitudinally adjusted relative to the mounting bar 1 86, as will be discussed more 
fully below. Spaced-apart upper and lower rod tracks 200 and 202 are mounted to 
beam 192 at the cads of the rod tracks by end flange plates 204 and 206, \^ch are 
attached to the ends of the beam 192. A pair of rod tracks 202 and 204 are located on 
each side of the beam 192. An idler pulley 208 is spaced outwardly from flange 

25 plate 206 on an upright support shaft 210, which in turn is attached to upper and 
lower mounting ears 212 projecting from the upper and lower portions of flange 
plate 206. An endless cog or gear belt 214 spans between the drive pulley 176 and 
the idler pulley 208. 

The tension on belt 214 may be adjusted by shifting the position of beam 192 

30 and, thus idler pulley 208, relative to the drive pullqr 196 so that moving flie idler 
pulley away from tihe drive pulley will increase a tension on the belt 214, while 
shifting flie idler pulley toward the drive pulley will reduce the tension on the belt 
The movement of the beam 192 is accomplished through the use of a threaded 
stud 216 that projects outwardly from the end of mounting bar 186 through a 

35 clearance opening formed in a take-up tab 218 projecting upwardly from the upper 
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surface of beam 192 at a position spaced a short distance from the end of the 
mounting bar. Hardware members in the form of nuts 220 are threadably engaged 
over stud 216 to bear against the opposite sides of the tab 218 thereby to position the 
tab relative to the end of the mounting bar 186. Once the desired tension of the 
5 belt 214 is achieved, the nuts 220 capture the tab 218 therebetween. 

Next, referring specificaUy to nOURES 3D, 3E, 3F, 3G, 4A, 4B, 4C, and 4F, 
the pickup devices 28 include carriages 180 carried by frame assemblies 182. The 
carriages 180 each include a slider block 230 secured to the four comer portions of a 
plamer, substantially rectangular carriage plate 232, The slider blocks include 
10 clearance holes for receiving rod tracks 200, 202. Ideally, a bushmg 233, or other 
anti-friction device, is pressed or otherwise securely positioned within the clearance 
hole of the slider block to help the carriage anti-fiictionally slide along the frame 
assemblies 182. 

The carriage 180 is secured to the backside of carriage plate 232 by a 

IS clampmg plate 233 A, which presses the belt 214 against a clamping block 233B, 
secured to ttie back surfece of the carriage plate 232 as best shown in FIGURE 4B. 
The surface of the clamping plate 233 A feeing the belt may be grooved to match the 
contour of the bett teeth so as to securely retain the belt between the plate 233 A and 
the block 233B. Hardware members extend through clearance holes formed in the 

20 plate 230A above and below the belt, to extend within aligned threaded holes formed 
m the block 233B. In this manner, &e belt 214 is securely attached to the pickup 
carriage 1 80 without having to drill holes or otherwise alter the belt 214. 

Each of ^e pida^ devices 28 includes a linear actuator in the form of a 
pneumatic cylinder assembly 234, which is secured to and carried by carriage 180. 

25 The cylmder portion 236 of each cylinder assembly is held in place on carriage 1 80 
by a lower attachment block 238 which is mounted on the carriage plate 232 by 
hardware members 240. A close-fittirg clearance hole is vertically formed in 
attachment block 238 to slidably receive cylinder portion 236 thereirt The lower end 
of the cylinder portion 236 abuts the iqiper surfece of an end block 244, vrfhdch has a 

30 narrow slot formed tiierein to provide clearance for the cylinder rod 246 ^ch 
projects downwardly from tihie cylmder portion 236. The xxppet end of the cylmder 
portion 236 is securely held in place by a quick release clamp assembly 248 
composed of a stationary half 250 and a pivotal half 252 hinged to the stationary half 
by a pin 254. The stationary half 250 and pivot half 252 of the clamp assembly 248 

35 are shaped to define a circular receiving seat 256 for securely clamping agamst the 
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upper end portion of the cylinder 236. The pivot half 252 is held in closed position 
by a spring-loaded pivot pin 258 that extends outwardly through clearance slots 
provided in the adjacent portions of clamp stationary half 250 and clamp pivot 
half 252 to extend through a clearance hole formed in a transverse pin 259. A 
5 compression spring 259A is engaged over the free end portion of pin 258 to press 
against transverse pin 259 so as to help retain the transverse pin engs^ed within a 
semicircular seat formed in the pivot half 252. 

Referring specifically to FIGURES 4A-4C and 4F, a suction tip or head 260 
is attached to the lower end of rod 246 for adherence to the portioned worlqpiece PP 

10 being removed fix)m conveyor 22. A compressible bellows ci^ assembly 261 is 
attached over an extension neck 261 A projecting downwardly from the main body 
portion of tip 260. The bottom 261B of the bellows assembly is cup-shaped so as to 
achieve a secure attachment with the portioned workpieces PP to be picked up. A 
center bore or passage 261C extends through the tip 260 and extension neck 261 A to 

15 present an opening 261d at the bottom of the extension necL 

In certain situations, it may be in^ortant to keep the suction tip 260 from 
rotating thereby to maintain the orientation of the portioned workpiece. This is 
accomplished by use of a guide rod 262 having its lower end fixed to a tab 264 
projecting outwardly from the generally cylindrically-sh^ed suction tip 260. The 

20 upper end portion of the rod 262 slides within a vertical clearance hole formed in the 
attachment block 238. In this manner, guide rod 262 is disposed in a space parallel 
relationship with cylinder rod 246. Otiier systems can be utilized to prevent the 
suction tip 260 fion^ rotating. 

Suction is applied to the suction tip 260 by use of a venturi assembly 270 

25 mounted on the carriage 1 80, Pressurized air is supplied to the venturi assembly 270 
by supply Ime 272. The venturi creates a source of reduced air pressure which is 
transmitted to suction tip 260 by line 274 that is connected to a side port 276 formed 
in the body of suction tip 260. This side port is in fluid flow communication with the 
central air passageway 26 IC extending longitudinally upwardly from the bottom of 

30 the suction tip to the elevation of tiie side port Ideally, an air valve (not shown) is 
used to supply pressurized air to the venturi 270 to generate a reduced pressure air 
source when desiring to pick up a portioned workpiece, while also supplying 
pressurized air to a second side port 278 of the suction tip 260 when desiring to break 
the suction coimection between the cup assembly 261 and tiie workpiece, thereby to 

35 disengage the suction tip from the portioned workpiece. The side port 278 is also 
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connected in fluid flow communication with the tip air passageway 261 C. The 
positive pressure air source can also be used to "backblow" the suction tip 260 to 
clean out the suction tip or remove matter that may have become lodged therein. 
During this backblow operation, the air valve discontinues air flow to the venturi 
5 assembly 270 so as to not induce the matter to enter suction line 274. 

The pickup device 28 is described above as utilizing suction action to grasp 
the portioned wor]q)ieces PP. However, other types of methods may be employed to 
pick up the portioned workpieces. For ^cample, if the workpiece is composed of 
magnetically conductive material, the pickup device may utilize a magnet. In 

10 addition, the pickup device may consist of a clamp or jaw structure capable of 
physically grasping the workpiece for lifting off the conveyor 22 and then releasing 
the workpiece at a desired remote location from the conveyor. Alternatively, the 
pickup device may include forks or tines in place of the suction tip/head 260 to spear 
the portioned worlqpiece PP. As a further alternative, the pickup device may coxisist 

15 of very cold (below freezing temperature) tabs that "stick" to the workpiece thereby 
to pick up the worlq)iece fiom the conveyor 22. 

Referring specifically to FIGURES 4D and 4F, the pickup devices 28 include 
a retaining skirt or housing 280 designed to substantially surround the cylinder 
rod 246 and suction tip 260, and thereby also surround the portioned workpiece PP 

20 lifted off of the conveyor 22 by the pickiq) device, as described more fiilly below. 
The skirt is mounted on the carriage plate 232 by a tab 282 projecting upwardly fiom 
the skul as shown in FIGURE 4D. Hardware members, not shown, extrad through 
clearance holes formed in the tab and aligned clearance holes formed in the plate 232 
to engage nuts (not shown). The skirt is generally in the shape of an octagon, with 

25 one panel missing to define a longitudinal gap 283 in the skirt to reduce the weight of 
the skirt and also provide access to the cylinder assembly 234. One or more of the 
panels may include slot 284 formed therein so as to reduce the weight of the skirt. At 
the bottom of the skirt, the panels flare outwardly so as to define an enlarged 
entrance opening 286 for the portioned woriq}iece as the portioned workpiece is 

30 lifted upwardly into the skirt by retraction of the rod246 of the cylinder 
assembly 234. 

It will be appreciated that the skirt/housing 280 may be of configurations 
other than that illustrated in FIGURES 4D and4F. In this regard, a cage structure 
(not shown) composed of wire elements or other structural members may be utilized 
35 in place of the skirt 280. Such cage structure would provide lateral restraint to the 
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workpiece portion PP being carried by the pickup device. As in the 
skirt/housing 280, die cage can be constructed widi a bottom opening through which 
the worlq)iece portion PP passes upwardly when being removed from the 
conveyor 22 and exits downwardly when being deposited at a location remote from 
5 the conveyor. 

A plurality of hold-down assemblies 290 are utilized to retain the portioned 
woikpiece downwardly against the conveyor belt 60 v*ile the pickup device 28 lifts 
a desired portion upwardly off of the belt This may be especially usefiil if the 
mdividual portions of the workpiece ate not completely severed from each other at 

10 the portioning station 24. This is not uncommon if a high speed water jet is used to 
portion or trim a meat product, such as a chicken breast The water jet may not 
always completely sever cartilage or die tough pieces of meat product. 

In one preferred embodiment of the present mvention, the hold down 
assembly 290 includes a post 292 esctendrng downwardly from Ae underside of a 

15 cabinet 156. The post is iUustrated in HGURES 4E and 4F as generally rectangular 
in cross-sectional shape. A sUder coi?)ler assembly 294 is used to attach a hold down 
blade assembly 296 to die lower end portion of the post 292. The coupler 
assembly 294 includes a slide channel 298 having a web portion overlying one 
surface of the post 292 and rather narrow flange portions overlying tiie edges of the 

20 post so as to be slideable along the height of the post, whUe retaining die sUde 
channel against movement in other directions relative to the post A longitudinal slot 
is formed in the web section of the side channel 298 through which extends the stud 
portion of an adjustment knob 300 to engage withm a threaded hole formed in 
post 292 thereby to securely clamp the coupler assembly 294 to die post at a desired 

25 elevation along tiie height of the post thereby to position die bottom of the blade 
assembly 296 at a desired elevation relative to conveyor belt 60. 

The coupler assembly 294 includes generally U-shaped intermediate 
section 302 diat projects downwardly from slide channel 298 to transversely 
interconnect with a horizontal, generally rectangular-shaped slide plate 303. The 

3 0 sUde plate has a slot formed dierein in the direction generally parallel to die direction 
of travel of die belt 60. The downward extended stud portion of a knob 304 extends 
diroi«h the slot 305 of the sUde plate 303 to engage witii a direaded dirough hole 
formed in die bar portion 306 of die blade assembly 296 diereby to securely clamp 
die slide plate 303 to die blade assembly while allowing tiie blade assembly to be 

35 adjusted transversely to its lengdi, i.e., in die direction parallel to die movement of 



PCTAJS01/204S1 
WO 02/07937 

-15- 



the conveyor belt 60. The sUde plate 303 is held captive between guide ridges 307 
extending transversely across the bar 306 and spaced apart to closely receive the sUde 
plate 303 therebetween. It can be appreciated that the guide ridges 307 restrict any 
substantial transverse movement of the blade assembly 296 relative to coupler 

5 assembly 294 Gengthwise along bar 306) or rotational movement about a vertical 
axis corresponding to the center of knob 304. 

With respect to the construction of fbs blade assembly 296, end tabs 308 
extend downwardly from the ends of bar 306 to pivotally coiqile to the upper edge 
portion of longitudmal pivot bar 310. The end tabs 308 are generally triangular in 

10 shape, with the apex of the triangle located in the downward direction for supporting 
a pin 3 1 1 extending therethrough to extend into the adjacent edge portion of the pivot 
bar 310. A relatively thin blade 3 12 is attached to the lower edge portion of the pivot 
bar to project downwardly from the bottom edge of the bar towards the iq>per surfece 
of the belt 60. As shown in FIGURE 4F, in one embodiment of the present 

15 invention, the lower edge ofAe blade 312 is serrated. Such lower edge portion can 
be formed in other shapes, for example, in the form of v-shaped teeth or prongs. A 
stop tab314 overUes one fece of the pivot bar310 at one end thereof and in 
aUgnment with an end tab 308. An adjustment screw 316 extends through a threaded 
opening formed in the stop tab 314 to bear against the adjacent edge of end tab 308. 

20 Hie engagement of the adjustment screw 316 with a stop tab 314 may be varied 
thereby to alter the nominal orientation of the pivot bar 310 and thus the blade 312. 

In use, the pivot blade 312 is able to pivot about pin 311 thereby to raise flxe 
blade 312 upwardly away from the belt 60 when a woricpiece WP carried by the belt 
passes beneath the hold down assembly 290. However, if a workpiece portion PP is 

25 being lifted upwardly by the pickup device 28, the adjacent portion of the workpiece 
may be retained downwardly against the conveyor belt 60 by the impingement of the 
blade 312 against the workpiece. When an upward force is placed on the blade 312 
by the workpiece. the pivot bar 310 tends to pivot about pin311, but is prevented 

from doing so by stop tab 3 14. 

30 As shown m HGURES 3A. 3B, 3C, and4F, a plurality of hold down 

assembUes 290 may be utilized with each frame assembly 182. Ideally, a hold down 
assembly 290 is positioned in front of and behind each pickup device 28 (relative to 
the direction of movement of the conveyor belt) and positioned lateraUy with respect 
to the beh to coincide with the general location of the lanes along which the 

35 workpieces WP travel along the belt. 
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Refening specifically to FIGURE 2A, portioned wori3)ieces PP are removed 
from conveyor 22 by the pickup device 28 and deposited on the take-away 
conveyors 30 which cany the portioned workpieces to sorting conveyors 32. It wiU 
be appreciated that in conjunction with the present invention, the computer 42 is 
capable of retaining or keeping track of which particular portioned workpiece PP is 
placed on the take-away conveyors 30 as weU as a location of the portioned 
workpieces on the conveyor 30. The computer 42 is also capable of keepmg track of 
or retaining the locations of the portioned workpieces PP on the sorting 
conveyors 32. This mformalion is used at the sorting station 35 to place the proper 
portioned workpiece in the proper recdving bm 34. For example, the woikpiece WP 
may be portioned into different sizes at portioning station 24. As noted above, the 
sizes and locations on the conveyor 22 of the portioned workpieces PP is known, 
with that information the workpieces are removed from the conveyor by the pickup 
devices 28 and deposited onto the take-away conveyor 30 at a position on the 
15 conveyor known to the computer 42. To tins end an encoder can be mcorpoiated into 
the take-away conveyor in a manner that is known m the art In turn, the 
conveyor 30 deposits the portioned woiiqriecePP on the sorting conveyor 32 at 
locations known to fte computer 42. The sortmg conveyors likewise can utilize 
encoders. TTiis information is employed by the swmg arms 320 that swing across the 
20 sorting conveyors 32 to place the portioned workpieces PP into selected bins 34 
accordmg to a desired parameter, such as the weight of the portioned piece. 

A series of four bins 34e, f, g, and h are positioned longitudinally of the 
sorting conveyors 32 so that portioned workpieces PP of four different sizes or other 
selected physical parameter(s) m^ be placed within the bins. As wiU be iqjpredated, 
25 in accordance wifli the present invention, a fewer number or a greater number of 
bms 34 may be positioned lengthwise of the sorting conveyors 32. The bins being 
filled are iUustrated in FIGURE 2A as positioned between the two side-by-side 
sorting conveyors 32. Once full, the bins can be shifted or moved out from between 
the two sorting conveyors (down the page in FIGURE 2A) and empty bins 34 placed 
in registry between the two sorting conveyors 32. Thefecttiiatabinisfiillcanbe 
automatically detemiined in several ways, such as by incorporating a scale into flie 
station at which the bm is located as tiiey are being filled. Also, the number of 
portioned workpieces PP placed into the Wn by tije swing ann 320 can be counted. 



30 
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The swing anns320 can be powered by a convenient source such as 
electricity or pressurized fluid. Swing arms similar to swing aims 320 are articles of 
commerce. 

Optionally, in the present invention, a weighing station 38 may be positioned 
5 along the sorting conveyors 30 or integrated into the construction of the sorting 
conveyor. The purpose of the weighing station 38 is to weigh the portioned pieces 
PP as they move along the sorting conveyors. This information can be utilized to 
operate and control the swing arms 320 rather than relying on the computer 42 to 
keep track of the positions of flie portioned pieces PP on the sorting conveyors. Also, 
10 4e information fiom the weighmg stations 38 can be used to confirm the weight of 
the portioned pieces portioned at the portioning station 24. If the weight of the 
portioned workpieces is beyond an acceptable range, this information can be fed back 
to the portioning station 24 to adjust the manner in vMch the wor]q)ieces are being 
portioned by the portioning apparatus 66. In this manner, flie calibration of the 
15 portioning apparatus 66 may be continuaUy monitored and updated as needed. Of 
course, for caUbration purposes, rather than utilizing weighing station 38, the 
portioned workpieces PP may be removed manually fiom the take-away conveyor 30 
or sorting conveyor 32 and weighed by a machine operator. If such weighmg 
determines that the portioned pieces are not within the desired range, the portioning 
20 ^paratus 66 may then be adjusted as required. 

In the use of the apparatus 20 of the present invention, worlq)ieces WP are 
placed on the belt 60 of the conveyor 22 for movement along the apparatus, first 
passing through the scanning station 40 and through a portioning station 24 and then 
to an unloading station 26. The workpieces ideally are placed in multiple lanes on 
25 the conveyor so as to hicrease the rate at which the workpieces can be portioned 
and/or trimmed. nGURE2A illustrates two separate lanes being used along the 
conveyor 22. At the scanning station, the workpieces are scanned to ascertain 
selected physical parameters, for example the overall size and shape of the 
workpiece. This information can be used to determine the waght of the workpiece 
30 by utilizing an assumed density for the workpiece. TTie scannmg can be carried out 
by a variety of existing techniques, includmg video cameras that view the worlqpiece 
as illuminated by one or more Ught sources. As an alternative, x-rays can be used to 
scan the workpiece. Information fiom the scannmg of the workpiece is used to 
determine how to optimally cut or trim the workpiece through the use of a 
35 computer 42. The computer can be programmed witii software to analyze how to 
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best cut the workpiece of a particular size and/or shape to produce portioned pieces 
of desired sizes, shq)es or other physical parameters. 

Information from the scanning of the workpiece is used to control 
cutting/portioning devices, for example high speed water jet nozzles 84 carried on a 
5 carriage 80 adapted to move back and forth along a longitudinal support structure 78 
extending parallel to the direction of movement of the conveyor. The support 
structure is cantUevered from a second carriage 80 which is powered to move back 
and forth along a beam structure 86 that spans across Ae conveyor 22 at an elevation 
above the conveyor belt In this manner, the high speed water jet nozde 84 can 
10 quickly travel along compUcated routes under the control of the computer 42 to not 
only portion the workpiece, but also to trim the workpiece as needed. The locations 
of the workpieces on the conveyor are tracked and such locations retained by the 
computer as the workpiece moves through the scanning station and through the 
portioning station and to the offload station 26. 
15 At the offload station, pickup devices 28 remove selective portioned 

workpieces PP from the conveyor and deposit such portioned workpieces onto a 
take-away conveyor 30. The pickup devices in construction include a linear actuator 
in the form of a pneumatic cylinder assembly 362 having a rod 368 extendable 
downwardly towards the conveyor belt 60. A suction tip or head 420 is carried by 
20 the free end of the rod to securely attach to a portioned worlq>iece. A venturi 386 
generates a suction supplied to the tip or head 284. The pickup device is carried Iqr a 
carriage 180 adapted to travel along a transverse frame assembly 182 by an endless 
belt 214 which is powered by a servo motor 162. Once the pickup device has 
attached to a workpiece portion PP, the pickup device is retracted iqiwardly to lift the 
25 workpiece portion off the conveyor and away from the remainder of the workpiece. 
nie carriage is activated to travel transversely relative to the conveyor to overUe a 
take-away conveyor 30 on which the workpiece portion is deposited. 

A hold-down assembly 290 is optionally employed to hold the workpiece 
surrounding the portioned workpiece PP downwardly against the conveyor 22 as the 
30 pickup device is lifting the portioned workpiece upwardly. When lifted inwardly, 
the suction tip 260. and the portioned woricpiece PP being carried thereby, enter a 
skirt or shroud 280 diat substantially encircles the pickup device and the workpiece 
portion. The skirt surrounds and restrains the workpiece as the carriage 180 travels 
laterally from the conveyor 22 to the take-away conveyor 30. This travel occurs very 
35 quickly generating a high acceleration when beginning its lateral movement and a 
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high deceleration rate when coming to a stop over the take-away conveyor 30. 
Without the skirt 280, flie worlqpiece, especially if a food product, may tend to swing 
back and forth during flie high acceleration and deceleration of tiie carriage 180. 

From the take-away conveyor 30 the workpiece is routed to a sorting 
5 conveyor 32 passing through a sorting station 36. Swing arms 320 are located along 
tiie sorting conveyor to sUde the portioned pieces into receiving bins 34. A weighing 
station 38 may be incorporated into flie structure of tiie sorting conveyor 32 or may 
be separately constructed. The purpose of tiie weighing station is to weigjh tiie 
portioned woikpieces PP as tiiey pass by tiiereby to make sure tiiat tiie workpieces 
10 are witiiin tiie desired weight range. Iftiiis is not tiie case, tiie infonnation from tiie 
weighing station may be utilized to adjust tiie operation of tiie portioning station 24. 
Thus, a feedback loop is created so tiiat tiie cutters used at tiie portioning station 24, 
e.g., high speed water jet nozzles 84, are adjusted as necessary to help ensure tiiat tiie 
workpieces are uniformly portioned to the desired sizes. Moreover, tiiis infoimarion 
15 can be used to recognize if tiie pickup devices 28 are not operating properiy, for 
instance if tiiey become plugged so tiiat tiiey are not capable of lifting tiie portioned 
workpieces off of tiie conveyor 22, in which case no workpieces would be passing 
ovet the weighing station 38. 

It will be jq)preciated tiiat tiirough tiie present invention it is possible to 
20 continuously and quickly portion workpieces, such as meat products, into desired 
sizes and also to trim tiie workpieces, for instance, to remove fat, bone or otiier 
undesirable content from a meat product Through tiie present invention, the 
portioned workpieqes PP are sorted into sizes or by otiier parameters and placed in 
bins 34 or otiier receptacles. He computer 42 is capable of keeping tack of tiie sizes 
25 and otiier physical parameters of tiie portioned workpiece as weU as tiie location of 
such portioned workpiece on tiie main conveyor 22, tiie take-away conveyors 30, and 
tiie sorting conveyors 32. Thus, it is not necessary for personnel to physically 
remove tiie portioned pieces from tiie conveyor 22 and place tiie portioned pieces 
onto a take-away conveyor, such as conveyor 30 or to place tiie portioned workpieces 
30 into receptacles such as bins 34. It is often difficult for a worker to differentiate 
among portioned pieces tfiat may differ m size by only an ounce or two. However, 
tiie present invention is capable of quickly, accurately, and repeatedly making tiiis 
distinction among workpieces, or otiier distinctions by which workpieces are graded 
and/or sorted. Moreover, meat products are portioned in environments wherein tiie 
35 room temperature is typically at about 40 degrees, which quite cold, and very 
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difficult for personnel to withstand on a daily basis. Whereas the portioning 
apparatus 20 of the present invention is substantially immune to such cold 
temperatures. 

FIGURES 5, 6A-6E, and? illustrate alternative embodiments of pickup 
5 devices in accordance with the present invention. The pickup device 360, shown in 
HGURE 5, includes a linear actuator 362, which is iUustrated in the form of a fluid 
cylinder, but can be other configurations, such as in flie form of an electrical actuator. 
The cylinder assembly 362 includes a cylinder portion 364 having its upper end 
secured to an angled mount 366, which in turn may be secured to cabinets 156 of the 
10 overhead frame structure 150. The rod portion 368 of the cylinder assembly 362 is 
secured to an intermediate flange 370 projecting lateraUy from longitudinal follower 
bracket 372. The upper end of the foUower bracket includes a collar portion 374 that 
closely encircles the cylinder 364. As the rod 368 extends and retracts, the foUower 
bracket 372 is lowered and raised causing the collar portion 374 to sUde along the 
15 length of the cylinder portion. A camming groove 376 is formed in the exterior of 
the cylinder 364, with the groove twisting approximately 90 degrees from its upper 
end to its lower end. A follower pin 378 projects inwardly from Ae bracket 372 at an 
elevation corresponding to collar portion 374 to extend into the groove 376. It will 
be appreciated that as rod 368 is extended the follower bracket 372 is moved 
20 downwardly and simultaneously rotated about liie longitudinal axis of the cylinder 
assembly 362. Conespondingly, when the rod 368 is retracted, the foUower 
bracket 372 is raised upwardly and simultaneously rotated in Ae reverse direction 
due to the follower pin 378 riding within groove 376. 

The foUower bracket 372 includes a lower flange portion 380 havmg a center 
25 bore formed therem for receiving the upper portion of sUde rod 382. IdeaUy, a 
bushing is disposed between the slide rod 382 and the center bore of the flange 380. 
A suction tip or head 384 is secured to the lower end of the sUde rod 382, which 
tip/head is in fluid flow communication with a venturi386 attached to and 
interconnected in fluid flow communication with the suction tip 384 by a nipple 388. 
30 The venturi386 is similar to venturi270, discussed above and is cqpable of 
generating a reduced pressure supply for the suction tip 384. A beUows-type pickup 
cup 390 is secured to the lower end suction tip 384 for physicaUy interfedng with 

portioned woriq>ieces PP. 

A compression spring 392 encircles the sUde rod between the suction tip 384 
35 and tiie bottom side of the flange 380 thereby to nominaUy retain tiie sUde rod 
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extended transversely relative to the follower bracket 272 M*ile allowing the slidq 
rod to retract upwardly relative to the follower bracket 272, for instance, when the 
follower bracket is being lowered and the pickup cup 390 makes contact against the 
upper side of the portioned workpiece. A retaining nut 394 is positioned on the 

5 upper end of the slide rod 382 to prevent the slide rod from downwardly disengaging 
from the flange 380. A vertical groove 396 is formed lengthwise in the exterior of 
the slide rod 382 and is sized to closely receive the end portion of a transverse 
pin 398 spanning across the inside diameter of flange 380 so as to keep the slide rod 
from rotating relative to the follower bracket 372. 

10 Next, referring to FIGURE 6A, a pickup device 400 includes linear actuator 

similar to that shown in FIGURE 5 having a threaded extension 401 projecting from 
the end of rod 402. The extension 401 is bolted to an attachment bracket 404 with 
nuts 406. Bracket 404 includes a reduced thickness flange portion 408 havmg the 
clearance hole formed therein for receiving a hub 409 therein. A hollow slide 

15 rod 410 is sized to be closely slidably receivable within the hub 409. In a manner 
similar to a sUde rod382, the sUde rod410 is adapted to retract upwardly relative to 
flange408 vdien pushed upwardly from flie bottom, but is urged in nominal 
downward position by an extension spring 412 that encircles the slide rod and bears 
agamst a washer 414 positioned beneath hub 409. A T-connector 422 is attached to 

20 the lower end of the hollow slide rod 410, which T-connector includes an inlet 
nipple 424 connected to a source of pressurized air through line 426. A bellows-type 
pickup cup 428 is attached to the lower end of the T-connector 422 by a nipple 430. 
A threaded nipple fitting 432 is attached to the uppex end of the slide rod 410 through 
the use of a collar 434. A line436 supplies a partial vacuum to the hollow slide 

25 rod410 and suction cupA2S from a vacuum source (not shown), for instance a 
venturi similar to venturi 386 in FIGURE 5. 

As also illustrated in FIGURE 6A, a horizontal hold down foot 440 is 
attached to the lower end of a sUde rod 442. The upper portion of the sUde rod 
slidably engages through a close fitting clearance hole formed in bracket 404. A 

30 cap 444 is secured to the upper end of the slide rod to prevent the slide rod fix)m 
sliding downwardly out of engagement with the bracket 404. In a manner similar to 
compression spring 412, a compression spring 446 nominaUy draws the sUde rod 442 
to a downward position, shown in nGURE 6A. The upper end of the compression 
spring bears against a washer 448 positioned beneath the bracket 404, while the 

35 lower end of the spring bears against the upper surface of a stop collar 450. A set 
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screw 452 engages through a threaded hole extending Arough collar 450 to lock 
against the outer surfece of the slide rod 442. 

In operation when the rod 402 is lowered far enough, the hold down foot 440 
bears against the workpiece. The slide rod is capable of retracting upwardly relative 

5 to bracket 404, as the rod 402 is further lowered so as to impart a maximum load in 
the workpiece even as the rod 402 is further lowered As the rod is lowered further, 
the pickup cup 428 engages the workpiece portion to be lifted \xp through ttie vacuum 
action applied to the suction cup through hose 436 attached to the ixppex end of the 
hollow slide rod 410. Thereafter, as the rod 402 is retracted upwardly to lift the 

10 worlq)iece portion attached to cup 428, flie hold down foot 440 retams pressure 
against the upper side of the workpiece surroundmg the workpiece portion PP to be 
carried away. In this manner, the hold down foot assists in making sure that the 
portioned workpiece being lifted away is cleanly detached fix)m the remainder of the 
workpiece. 

15 In top view, the foot may be C-shaped, D-sh^ed, looi>-shaped, circular or of 

other shape to suit the shape of the workpiece being cut In addition, as shown in 
FIGURES 6C and 6D, the foot may have a sharpened downwardly extending edge to 
also cut flie woriqpiece surrounding the portion to be lifted away. In plan view, the 
cutter type feet may be shaped to correspond with the circumference of die 

20 workpiece to be carried away. In this manner, the cutter foot helps to fiirther cut the 
workpiece to be carried away firom the remainder of the woikpiece, if a clean cut has 
not occurred previously. 

FIGURE 6E illustrates a pickup device 460 which is similar in construction to 
pickup device 400, but utili2dng a diJfferent hold down system 462. The components 

25 in FIGURE 6E that correspond to the components of FIGURE 6A are identified with 
the same part number, but with the addition of a prime symbol. For expediency the 
construction and function of these components will not be repeated here. 

The hold down assembly 462 includes an elongated roller 464 axled to the 
lower end of a trailing pivot rod 466. The upper end portion of the pivot rod is 

30 pinned to the lower end of a bracket 468 to pivot about axis 469. The bracket 468 
depends downwardly fi:om the underside of a flat mounting plate 470 attachable to 
the underside of a cabinet 156 (not shown). A torsion spring 472 is positioned 
relative to axis 469 to impart a downward force on the lower end of the pivot 
rod 466. A stop screw 414 engages through a threaded crosshole formed in the upper 
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end portion of the pivot rod to bear against the under surface of mounting plate 470 
to noroinally position the roller 464 relative to conveyor belt 60. 

It will be appreciated that the roller 464 imparts a downward retaining force 
on the workpiece adjacent to the workpiece portion PP that is being lifted away by 
5 the pickup device 460. To this end, the roller 464 may have a serrated outer 
perimeter to provide better traction against the worIq)iece. The roller 464 ideally is 
of sufBcient length to span across the widlh of the woriq)iece as shown in 
FIGURE 6E. 

The pickup device 480 shown in FIGURE 7 also includes a linear actuator 

10 havmg a downwardly extendable rod 482 attached to the upper end of a hollow 
tube 484 which has an outside diameter to closely and slidably engage through a 
slide hub 486. A stop washer 487 is attached to the lower end of tube 484 and has an 
outer diameter that underlies a bottom edge of the slide hub 486 to prevent the slide 
tube from slidably disengagmg in the downward dhection from the tube 484. A 

15 compression spring 488 bears against a stop cap 490 fixed to the upper end of the 
tube 484. The cap 490 has a central clearance hole fox receiving the lower threaded 
tip portion 492 of the rod 482 therein, thereby to attach the rod to the tube 484. The 
lower end of the compression spring 488 bears against the upper end of the slide 
hub 486 to nominally push the slide hub downwardly against the end washer 489. 

20 The upper end portion of a generally U-shaped yoke 494 is attached to the exterior of 
the slide hub 486 at diametrically opposed locations on the slide hub, and a hold- 
down foot 496 is attached to the lower end of the yoke 494. The hold down foot 496 
functions in a manner similar to the hold down foot 440 shown in FIGURE 6A. 

A slide tube 498 engages closely within a hollow slide hammer 500 fixedly 

25 attached to a cross member 502 fixed within tube 484. The slide hammer 500 carries 
and positions the slide tube 498 while allowing the slide tube to slide within the slide 
hammer. An end cap 504 closes off the upper end of the slide tube 498 and also is 
sized to prevent the tube 498 from downwardly detaching from the slide 
hammer 500. A compression spring 506 nommally positions the slide tube 498 

30 downwardly relative to the slide hammer 500. The upper end of the compression 
spring bears against tiie underside of tiie slide hammer 500, while the lower end of 
the spring 506 bears agamst a tube cross fitting 508 attached to tiie lower end of tiie 
slide tube 498. One or more vacuum generators or Venturis 510 and 512 are 
connected in fluid flow communication witii tiie fitting 508. A bellows cup 514 is 
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attached in fluid flow communication beneath the fitting 508 by a nipple 516 in a 
manner similar to the pickup devices described above. 

The pickup device 480 shown in FIGURE 7 operates in a manner shnilar to 
the pickup devices described above, with the hold down foot 496 bearing against the 
workpiece around the perimeter of the portion workpiece PP to be lifted upwardly. 
In this regard, when the actuator rod 482 is esctended downwardly, the hold down 
foot 496 bears against the wor]q)iece with the applied load determined by the size or 
other parameters of compression spring 488. As the rod 482 continues to extend 
downwardly to engage the bellows cup 514 with the woriq>iecePP portion to be 
lifted up, the slide hub 486 slides relative to the tube 484. Thereafter, when the 
rod 482 is being retracted upwardly to lift the workpiece portion off of the conveyor, 
the hold down foot 496 retains pressure against the upper side of the surrounding 
worlqpiece thereby to assist in detaching the workpiece portion fi-om the surrounding 
workpiece if needed, for example if the workpiece portion is not cleanly cut from the 
remainder of the workpiece. 

While the preferred embodiment of the invention has been illustrated and 
described, it will be appreciated that various changes can be made therein witiiout 
departing from the spirit and scope of the invention. 
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The embodiments of the invention in which an exclusive property or privilege 
is claimed are defined as follows: 

1. A system for portioning workpieces to desired reduced sizes, 
comprising: 

(a) a first conveyor adapted to siq}port and advance a workpiece to 

be portioned; 

(b) a portioning subsystem positioned proximate the first conveyor 
and comprising a cutter to pordon a workpiece into one or more desired reduced size 
portions; 

(c) a pickup device positioned proximate the first conveyor and 
comprising an attachment portion attachable to a portioned wor]q>iece, me pickup 
device moveable relative to the first conveyor to carry a portioned workpiece to a 
location remote firom the first conveyor; and 

(d) a control subsystem tracking the location on the first conveyor 
of a workpiece portion portioned by the portioning subsystem and directing the 
pickup device to pick up a desired wor]q)iece portion and carry such a workpiece 
portion to a specified location remote fix>m fhe first conveyor. 

2. A portioning system of Claim 1, A^erein the portioning subsystem 
ascertains the shape of a workpiece to be portioned and determines how to cut a 
workpiece into desired reduced size portions. 

3. A portionmg system according to Claim 2, wherein the cutter of the 
portioning subsystem utilizes a high speed water jet 

4. A portioning system of Claim 3, herein the control subsystem 
controls the operation of tiie high speed water jet 

5. A portioning system according to Claim 1, wherein the cutter of the 
portioning subsystem is selected from the group consisting of a high speed water jet, 
laser, rotary saw, hack saw, guillotine, and band saw. 

6. A portioning system according to Claim 1, wherein the control 
subsystem controls tiie cutter to portion a wor]q)iece into one or more desired 
reduced size portions. 
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7. A portioning system according to Claim 1, further comprising a first 
carriage onto which the pickup device is moimtable and a first support structure for 
supporting and guiding the first carriage for movement relative to the first conveyor. 

8. A portioning system according to Claim 7, wherein the attachment 
portion of the pickup deAdce is extendable. 

9. A portioning system according to Claim 8, wherein the first carriage 
supports the pickup device so that the attachment portion is downwardly extendable. 

10. A portioning system according to Claim 7, further comprising a first 
drive system for moving the first conveyor along the first support structure. 

11. A portioning system of Claim 1, wherein: the attachment portion of 
the pickup device comprising a suction tip; and further comprising a suction source 
in conununication with the suction tip. 

12. A portioning system of Claim 11: wherein the pickup device furdier 
comprises an actuator having an extendable end portion, and wherein the suction tip 
is carried on the end portion of the actuator. 

13. A portioning system according to Claim 12, wherein the suction 
source comprising: a venturi in an airflow communication with the suction tip; and, 
an air supply source in flow commimication with flie venturi. 

14. A portioning system according to Claim 12, wherein the control 
subsystem controls the extension of the actuator. 

15. A portioning system according to Claim 11, wherein the suction 
source comprising: a venturi in airflow communication with the suction tip; and, an 
air siq>ply to supply air to the venturi. 

16. A portioning system according to Claim IS, further comprising a 
valve interposed between the air supply and the venturi, said valve capable of 
directing the air supply to the venturi to communicate air to the suction tip at a 
pressure below atmosphere pressure and alternatively directing the an supply to the 
suction tip at a pressure above atmosphere pressure. 
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17. A portioning system according to Claim 16, \^*ierein the operation of 
the valve is controlled by the control subsystem. 

18. A portioning system according to Claim 1, wherein the attachment 
portion of the pickup device is restrained against rotation about an axis generally 
perpendicular to the plane of the moving support surface of the jBrst conveyor. 

19. A portioning system according to Claim 1, wherein the pickup device 
further comprising an enclosure at least partially surrounding the pickup device. 

20. A portioning system according to Claim 19, wherein the enclosure 
having a downwardly directed opening for receiving a portioned workpiece 
attachable to the attachment portion of the pickup device. 

21. A portioning Systran according to Claim 1, further comprising a 
restraming device located relative to the pickup device for restraining the movement 
of portions of a worlq)iece that do not comprise a portioned workpiece attachable to 
the attachment portion of the pickup device. 

22. A portioning system according to Claim 21, wherein the restraming 

device further comprising: 

(a) a restraining foot disposed generally parallel to the direction of 

movemmt of the first conveyor; and 

(b) a support structure for carrying the foot and nominally biasing 
the foot towards the first conveyor when the pickup device attaches to a workpiece. 

23. A portioning system according to Claim 1, further comprising a 
mounting structure for detachably receiving the pickup device for movement relative 
to the first conveyor, and allowing the pickup device to extend toward the first 
conveyor. 

24. A mounting structure according to Claim 23, wherein the attachment 
portion of the pickup device is restrained by the mountmg structure firom rotating 
about an axis transverse to the plane defined by the conveyor. 

25. A portioning system of Claim 1, wherem tiie control subsystem 
controls the operation of the cutter to portion a wo Apiece into one or more reduced 
size portions. 
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26. A portioning system according to Claim 25, wherein the reduced sized 
portions are of differing pre-selected sizes. 

27. A portioning system according to Claim 25, wherein the control 
subsystem controls the operation of the pickup device to remove workpiece portions 
to different remote locations depending on the size of a portion. 

28. A portioning system accordmg to Claim 25, wherein a workpiece is 
portioned into portioned pieces of predetermined weight. 

29. A portioning system accordmg to Claim 28, wherein the weights of 
the portions of a workpiece are selected by the control subsystem based in part on the 
ov^all weight of a workpiece. 

30. A portioning system according to Claim 1, further optionally 
comprising a weighing station downstream from the location of tiie pickup device to 
weigh a cut workpiece portion. 

31. A portioning system acconJing to Claim 30, wherein the control 
subsystem adjusts Ae cutter of tiie portioning subsystem based on tiie weight of a 
portioned workpiece measured at the weighing station. 

32. A portioning system according to Claim 1, further comprising a 
second conveyor positioned relative to tiie first conveyor, for receiving a workpiece 
portion removed from tiie first conveyor by the pickup device and deposited on to tiie 
second conveyor by the pickup device. 

33. A portioning system according to Claim 32, wherein the control 
subsystem tracks tiie location of a workpiece portion deposited on to tiie second 
conveyor by the pickup device. 

34. A portioning system according to Claim 32, further comprising a first 
off-loader positioned relative to tiie second conveyor to remove a worlq)iece portion 
from the second conveyor to a desired location adjacent tiie second conveyor. 

35. A system for portionmg worlq)ieces in the form of food and like 
products to desired reduced sizes, comprising: 
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(a) a first conveyor having a moving support surface adapted to 
support and advance worIq)ieces to be portioned; 

(b) a scanning station positioned proximate the first conveyor and 
comprising a scanner to scan a workpiece bemg carried by the conveyor to ascertain 
one or more selected physical parameters of a workpiece; 

(c) a portioning station positioned proximate the first conveyor 
and comprising one or more cutters to portion, and optionally trim, a workpiece into 
one or more desired reduced size portions; 

(d) a pickup device comprising a downwardly extendable portion 
attachable to a portioned workpiece, the pickup device moveable relative to the first 
conveyor to carry a portioned workpiece to locations remote fiom the first conveyor, 
and 

(e) a control subsystem capable of tracking the location of a 
worlq)iece on the moving support surface and directing the pickup device to pick up 
a desired workpiece portion and transport such a worlqpiece portion to a specified 
location remote firom the first conveyor. 

36. A system according to Claim 35, wherein the control subsystem 
determines how to cut a workpiece into desired portions based on one or more 
physical parameters measured by tiie scanning device. 

37. A system according to Claim 36, wherein the control subsystem also 
controls the cutter to portion, and optionally trim, a scanned workpiece into one or 
more desired portions based on one or more physical'parameters of a workpiece as 
ascertained by the scanning device. 

38. A system according to Claim 35, further comprising a carriage 
adapted to move relative to the first conveyor, the carriage having an attachment 
system for detachably mounting the pickup device to the carriage. 

39. A system according to Claim 38, further comprising a motive system 
for powering the caniage for movement relative to the first conveyor. 

40. A system according to Claun 35 wherein the attachment portion of liie 
pickup device attaches to a portioned workpiece by suction action. 
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41. A system according to Claim 40, wherein the attachment portion of 
the pickup device comprises a suction head; and further comprising a suction source 
in flow communication wi& the suction head. 

42. A system according to Claim 41, wherein tfie pickup device finlher 
comprises an actuator having a downwardly extaodable ead portion; and, wherein Ac 
suction head is carried on the distal end portion of ±e linear actuator. 

43. A system according to Claim 41, further comprising: a venturi in flow 
communication with the suction head; and, an air supply source in flow 
communication with the venturi. 

44. A system according to Claim 35, 'wiierein the attachment end portion 
of the pickup device is restrained against rotation about an axis disposed generally 
transversely to the moving support surface of the first conveyor. 

45. A system according to Claim 35, further comprising a skut at least 
partially enveloping the pickup device as well as a portioned workpiece attached to 
the pickup device, said skirt having a downwardly directed opening for receiving a 
portioned woricpiece attachable to the attachment end portion of the pickup device. 

46. A system according to Claim 35, further comprising a restraining 
device located relative to the pickup device, the restraining device presenting a 
restraining load against the upward movement of portions of a woricpiece adjacent a 
workpiece portion attachable to the attachment end portion of the pickup device. 

47. A system according to Claim 35, fiirther comprising a weighing 
station for weighing a portioned woriqpiece picked up by the pidaip device and 
transported to a location remote &om ttie first conveyor. 

48. A system according to Claim 35, wherdn fba control subsystem is 
capable of adjusting the operation of the cutter of the portioning subsystem based on 
ihs weight of a portioned worlq)iece measured at the wdghing station. 

49. A picki^) apparatus for picking \xp a workpiece firan the first conveyor 
and depositing such a wor]q)iece at a second location removed fi»m Ae first 
conveyor, further comprising: 
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(a) a pickup device having an attadunent subapparatus attachable 
to the workpiece; 

(b) a support structure positioned relative to the first conveyor, the 
support structure carrying the pickup device and moving the pickup device between 
tiie first conveyor and a location remote fix)m the first conveyor; 

(c) a control system for tracking the location of a woriqpiece on 
the first conveyor and directing the pickup device to pick up a desired workpiece 
ftom the conveyor and transport such workpiece to a specified location remote from 
the first conv^or. 

50. A pickup apparatus according to Claim 49, wherein the attachment 
subapparatus of tiie pickup device is moveable in the downwardly dkection to attach 
to a workpiece on the conveyor and moveable in the upwardly direction to lift a 
worlqpiece iqjwardly off tiie first conveyor. 

51. A pickup apparatus according to Claim 50, wherein tiie attachment 
subapparatus of tiie pickup device is attachable to a workpiece by suction action. 

52. Apickupq)paratus according to Claim 51: wherein tiie pickup device 
comprises a suction head; and. fimher comprising a suction source in communication 
witii the suction head. 

53. A pickup jqjparatus according to Claim 49, wherein the pickup device 
comprises an actuator having a body portion and an extendable portion extendable 
from tiie body portion coupled to tiie attachment sub^jparatus of tiw pickup device. 

54. A pickup ^paratus according to Claim 49, wherein tiie support 
structare comprises: a carriage having a mounting system detachably mounting tiie 
pickup device to tiie carriage; and a motive system powering tiie carriage for 
mo vement relative to the first conveyor. 

55. A pickup apparatus accorfing to Claim 49, wherein tiie si^port 

structure comprises: 

(a) . a carriage; 

(b) an attachment system mounted on tiie carriage system 
detachably attaching the pictaq) device to tiie carriage; 
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(c) a carnage guide structure positioned relative to the first 
conveyor, the guide structure having longitudinal guides engaging with tiie caniage 
to support and guide the movement of the carri^e; and 

(d) a motive system to power the carriage for movement relative 

to the guide. 

56. A pickup apparatus accordmg to Claim49, wherein tiie attachment 
portion of tiie pickup device is restrained against rotation about an axis disposed 
generally transversely to the first conveyor. 

57. A pickup apparatus according to Claim 49, fiirther comprising a cage 
structure at least partially envelopmg die pickup device as weU as a woriq)iece 
attached to tiie pickup device, said cage structure having a downwardly directed 
opemng for receivmg a workpiece attached to tiie attachment portion of tiie pickup 
device. 

58. A pickup apparatiis according to Claim 49, fiirflier con^oising a 
restraint located relative to tiie pickqp device, tiie restraint presenting an abutment 
surfece tiiat surrounds at least aportion of awoikpiece attadiedto tiie attachment 
portion of the pickiq> device. 

59. A metiiod for portioning worlqpieces mto desired reduced sizes, 
comprismg: 

(a) supporting and advancing a workpiece on a first conveyor; 

(b) dividing tiie woriqpiece into one or more desired reduced sized 

portions; 

(c) tracking tiie locations of tiie reduced sized portions on tiie first 

conv^or; and 

(d) utilizing tiie known locations of tiie portioned workpieces on 
tiie first conveyor to direct a pickup device to pick up tiie workpiece portions from 
tiie first conveyor and carry such workpiece portions to a specified location remote 
from the first conveyor. 

60. A metiiod according to Claun 59, further comprising ascertaining flie 
shape of die workpiece to be portioned and detetminmg how to divide tiie workpiece 
into desired reduced sized portions prior to portioning tiie workpiece. 
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61. A method according to Claim 59, further comprising portioning the 
workpiece with a cutter selected from the group consisting of a high speed water jet, 
a laser, a rotary saw, a hacksaw, a guillotine and a band saw. 

62. A method according to Claim 59, fiirther comprising picking up the 
portioned workpieces with a pickup device capable of moving laterally relative to the 
direction of movement of the first conveyor. 

63. A method of Claim 62, further comprising mounting the pickup 
device on a carriage that rides along a first support structure for supporting the 
carriage for movement generally transversely to the direction of movement of the 
first conveyor. 

64. A method according to Claim 59, further comprising utilizing suction 
action to pick up the portioned workpieces from the first conveyor and carrying such 
workpieces to one or more specified locations remote &om flie first conveyor. 

65. A method accordmg to Claim 64, further comprising generating the 
suction action by the use of a ventuii. 

66. A method accordmg to Clahn 59, fiirther comprising picking up the 
portioned workpieces with a pickup device that is restrained against rotation about an 
axis generally perpendicular to the plane of a movmg siq)port surfece defined by the 
first conveyor. 

67. A method accordmg to Claim 59, fiirflier comprising providing 
enclosure that at least partially surrounds the portioned workpiece as the woriq)iece is 
picked up fcom the first conveyor and moved to a remote location. 

68. A method according to Claim 59, fiarthCT comprising restraming the 
movement of the portions of a workpiece tiiat do not comprise the portioned 
workpiece as the portioned workpiece is being picked up off the first conveyor and 
carried to a remote location. 

69. A method according to Claim 59, further comprisuig weighing tiie 
portioned workpiece removed from tiie first conveyor to verify the weight of the 
portioned worlqpiece. 
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70. A method according to Claim 69, further comprising adjusting the 
step of portioning the workpiece as necessary based on the measured weight of the 
portioned workpiece removed from the first conveyor. 

71. A method according to Claim 59, further comprismg placing the 
portioned worlq)ieces removed from the first conveyor on to a second conveyor for 
transport of the portioned worlq)iece to a desired location. 

72. A method according to Clahn 71, further comprising tracking the 
locations on the second conveyor of the worlq)iece portions deposited on to the 
second conveyor. 
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